Abstract The current study was carried out to detect metrafenone residues and estimate the half-lives in lettuce grown under greenhouse conditions using gas chromatography with a micro-electron capture detector. Metrafenone was applied in two and three doses (with a 7-day interval) to two different sites in Naju (distance between sites 1 and 2 = 6.5 km) in different seasons (spring and autumn). Samples were extracted with acetone and matrix components were purified using a silica solid-phase extraction (SPE) cartridge. The calibration curve over the concentration range of 0.02-5.0 mg/L was linear with a determination coefficient (R 2 ) = 0.9993. The limits of detection and quantification were 0.003 and 0.01 mg/L, respectively. Recoveries at two fortification levels (0.1 and 0.5 mg/kg) ranged from 78.5 to 113.3 % with a relative standard deviation \8 %. The calculated half-lives were 2.3 and 2.2 days and 4.9 and 5.0 days for the double and triple doses at sites 1 and 2, respectively. These results suggest that the method is effective and sensitive for the determination of metrafenone residues in field-incurred lettuce samples, and the difference in the reported half-lives is due to seasonal variation.
Introduction
To meet the needs of the growing global population, estimated to be 9.22 billion by 2075 (UN 2004) , pesticides are used to increase crop productivity and quality via controlling diseases caused by insect and fungal attack. Pesticide residues in agricultural products are a concern, because contaminants from soil, water, and air can be transferred to animals and humans through plant consumption. Pesticide application therefore poses potential risks to animals, humans, and the environment (Lee 2003; Ware and Whitacre 2004) . For instance, long-term exposure to chemicals can result in chronic diseases in humans, such as cancer (Carrozza et al. 2009 ). Furthermore, improper usage of pesticides often leads to environmental contamination (Barcelo et al. 1994; Lartiges and Garrigues 1995; Vink and Vander Zee 1996) . It is important to detect the residual amounts of pesticides during cultivation, and that level should be at or lower than the maximum residue limits (MRLs) to ensure the lowest possible exposure. Therefore, a more effective analytic method with an improved detection limit is needed for the determination of contaminants in complex plant matrices (Barriada-Pereira et al. 2010 (Ko et al. 2014 ). Dietary fiber is important for reducing the risk of certain diseases including cancer, cardiovascular disease, and diabetes (Slavin 1987; Jenkins et al. 2001) . Lettuce is an agricultural crop which may contain high amounts of pesticide residues (KFDA 2004) . The large size and rough surface of the leaves mean that more pesticide is deposited, and the cultivation period of lettuce is shorter than the degradation time of the pesticide (KFDA 2004) . The determination of pesticide residues in plants is challenging due to their pigments and fatty or waxy materials, which may cause matrix interference. Therefore, an effective sample preparation procedure that eliminates potential interference, while ensuring maximum recovery, is a prerequisite for analysis (Ko et al. 2014) . In order to produce safe food and reduce environmental risks, it is important to determine the dissipation half-lives of pesticides on crops. The degradation rate of pesticides following application depends on many factors, including chemical and photochemical degradation, climatic conditions, volatilization, cultivated species, formulation class, and application mode (Sur et al. 2000) . It is a key factor for assessing the behavior of pesticides on crops (Omirou et al. 2009 ). To the best of our knowledge, no study has been conducted on the degradation of metrafenone in lettuce under field conditions. Important aspects in the development of an analytic method involve the ability to extract the analyte(s) of interest with some degree of precision and accuracy from the tested matrices, and the ability to accurately identify and measure the analyte(s) at low concentrations (Ko et al. 2014) . From a literature survey, very scarce information was found regarding the residual analysis of metrafenone and its degradation behavior in lettuce. Baker et al. (2013) determined metrafenone among 210 pesticides in food samples, including dried fruit, lettuce, and pear using quick, easy, cheap, effective, rugged, and safe (QuEChERS) method for sample preparation and triple quadrupole ultrahigh-performance liquid chromatographytandem mass spectrometry (UHPLC-MS/MS) for analysis. Due to the uncertainty in tandem mass spectrometry and its unavailability in most laboratories, although we do have it, gas chromatography (GC) and liquid chromatography are commonly used and preferred by the most government authorities [for instance, the Korean Ministry of Food and Drug Safety and Rural Development Administration] for method development and validation. Therefore, the aim of the present study was to develop an analytic method to detect metrafenone in lettuce using GC-lECD. The dissipation half-life in/on lettuce was also investigated under different experimental field conditions and seasons. To the best of our knowledge, there have been no articles published on metrafenone analysis using GC-lECD.
Materials and methods

Chemicals and reagents
Standard metrafenone (purity 99.9 %) was purchased from Sigma Aldrich GmbH (Riedstr, Germany). Acetone, nhexane, and ethyl acetate (EtOAc) of high-performance liquid chromatography grade were obtained from Burdick and Jackson (SK Chemical, Korea). Dichloromethane (DCM) was purchased from Fisher Chemical Korea Ltd. (Korea). Analytic grade anhydrous magnesium sulfate (MgSO 4 ), Celite 545, and sodium chloride (NaCl) were obtained from Junsei Chemicals Co., Ltd. (Japan). A silica solid-phase extraction (SPE) cartridge (1 g, 6 mL) was provided by Phenomenex (USA). Filter paper was purchased from Whatman Filter paper (no. 6, 90-mm diameter, HP7 9NA, UK).
Preparation of standard solutions
A 100-mg/L stock solution of metrafenone was prepared in acetone in a 100-mL volumetric flask. Fortification levels and working calibration solutions for GC-lECD analysis were acquired via appropriate dilution of the stock solutions with the same solvent, affording concentrations ranging from 0.02 to 5 mg/L. Fortified and calibrated standard solutions were stored in a refrigerator (4°C). The interval between double and triple application is 7 days 
Field experiments
Lettuce seedlings were planted in two experimental fields, namely, site 1 and site 2. The site 1 experimental field was located at Korea. The distance between the sites was approximately 6.5 km. At each site, two plots of size 58.5 m 2 (for site 1) and 45 m 2 (for site 2) were sprayed in April, 2014 (site 1) and September, 2014 (site 2) with double and triple doses (with 7-day interval) of commercial product (boscalid ? metrafenone (15 ? 15 %)ai, NH Chemicals Co. Ltd., Korea). A control plot to which no pesticide was applied was used for blank samples. All plots were divided into three blocks for three replicate samples. Table 1 shows the amounts of sprayed metrafenone at sites 1 and 2. Samples were collected at 0 (2 h), 1, 3, 5, and 7 days postapplication. Samples were cut into small pieces and blended to mix properly. The samples were kept in a properly labeled zipper bag and stored at -24°C until analysis.
Sample extraction
Precisely, 20 g of blended lettuce samples were weighed into 250 mL conical flasks, to which 100 mL acetone was added. The mixture was shaken for 30 min using a mechanical shaker and filtered using a Buchner funnel through Celite 545. Acetone (30 mL) was used to clean and complete the filtration. The filtrate was then transferred to a separatory funnel, to which 50 mL saturated NaCl solution, 450 mL distilled water, and 100 mL DCM were added, and shaken for 5 min. The solution was then left for 30 min to allow settling and partitioning. The lower DCM layer was collected in a 250-mL round-bottomed flask through anhydrous Na 2 SO 4 . The samples were re-extracted with 50 mL DCM and collected via the same procedure. The combined extracts were evaporated to dryness below 40°C under vacuum.
Cleanup
The extract was dissolved in 6 mL n-hexane and loaded into a previously conditioned 1 g silica SPE cartridge with 6 mL n-hexane. The cartridge was washed with 10 mL 10 % ethyl acetate in n-hexane, and finally, metrafenone was eluted with 10 mL 20 % ethyl acetate in n-hexane. The elutant was evaporated to dryness below 40°C under vacuum and was then redissolved in 10 mL acetone. 2 mL was placed in a GC vial for GC-lECD analysis.
GC-lECD
Analysis was performed using an Agilent GC model 7890 A (USA) equipped with an Agilent 7683 B auto sampler and a micro-electron capture detector (lECD, 63 Ni). Chromatographic separation was performed on an ultra 2 capillary column (50 m 9 320 lm i.d. 9 0.17 lm film thickness, Agilent Technologies, USA), with nitrogen gas (N 2 ) flowing at 1 mL/min. A standard split/split-less injector was used for the split injection mode at a ratio of 15:1 at 260°C with an injection volume of 2 lL. The detector was maintained at 300°C with a makeup gas, N 2 , flowing at 60 mL/min. The oven temperature was set to 230°C, increased to 280°C at a rate of 15°C/min, was held at this temperature for 5 min, and then increased to 300°C at a rate of 15°C/min and held there for 7 min. A metrafenone peak appeared at a retention time of 5.3 min. An Agilent Chemstation was used for data acquisition.
Method validation
Method validation was carried out by evaluating the following parameters: linearity, specificity, accuracy, precision, and limits of detection (LOD) and quantification (LOQ).
The calibration curve was constructed at eight different levels (0.02, 0.05, 0.1, 0.2, 0.5, 1.0 2.0, and 5.0 mg/L), and the response versus concentration was plotted. The linearity was evaluated by the determination coefficient (R 2 ). The standard (in solvent) and blank extract were injected to identify an identical retention time and interfering peaks for selectivity and specificity. The accuracy was determined from the recovery assay results of samples spiked with metrafenone at two levels, LOQ 9 10 (0.1 mg/kg) and LOQ 9 50 (0.5 mg/kg) (n = 3). The precision was expressed as the relative standard deviation (RSD, %). LOD and LOQ were determined using baseline-to-noise ratios of 3 and 10, respectively (Ribani et al. 2007 ). Results and discussion
Specificity
The specificity was validated by analyzing representative blank lettuce samples (n = 3) to confirm the absence of potential interfering peaks at the target analyte retention times. No interfering endogenous peaks appeared at the metrafenone retention time (Fig. 1) .
Linearity
The calibration curve was obtained by plotting the peak area against the concentration of the metrafenone standard in the range of 0.02-5.0 mg/L. The determination coefficient (R 2 ) was satisfactory and the value was 0.9993.
LOD and LOQ
The LOD and LOQ were 0.003 and 0.01 mg/L, respectively. So far, no Codex, Canadian, Mexican, or Korean (MRLs) have been established for metrafenone in lettuce.
Recovery
Recovery tests were conducted to confirm the extraction efficiency of metrafenone. The results for the mean recovery and relative standard deviation (RSD) are shown in Table 2 . Acceptable recoveries of between 78.5 and 113.0 % were obtained, with RSD \8 %. These findings indicate that the analytic method is accurate, reliable, and reproducible. To summarize, the recovery is satisfactory and within the acceptable range (70-120 %) specified by SANCO (2009) . Precision between 2.9 and 7.9 % is acceptable, as it falls within the coefficient of variation (20 %) (European Commission 2007).
Method application
The developed method was applied to estimate the half-lives of metrafenone in lettuce samples collected from two different experimental fields in two seasons (Fig. 2) . Clearly, the half-lives (t 1/2 ), calculated as ln 2/k (where k is the gradient of the regression line) (Putnam et al. 2003) , were higher in the site 2 samples: 4.9 days (double dose) and 5.0 days (triple dose) compared to site 1: 2.3 and 2.2 days, respectively. This is implied by the relatively low declines, 60.2 and 58.4 % versus 87.8 and 89.8 % at day 7 post-application, respectively (Fig. 2) . Seasonal variation could be another reason, as the lettuce was planted in site 1 in April (spring) and site 2 in September (autumn). Alterations in humidity as well as temperature (Fig. 3) could be factors affecting the degradation pattern of a pesticide.
In conclusion, a sensitive GC-ECD method was developed and validated for the determination of metrafenone levels in lettuce. The half-lives and terminal residues in two different seasons and sites were investigated, and the data could serve as a reference for the establishment of MRL values and a guide for the safe and reasonable use of metrafenone on a wide range of vegetables closely related to lettuce.
